technique has a sizeable advantage: The inner and outer fluids remain totally separate, providing for efficient and robust encapsulation. In addition to polymerosomes, it should also be possible to form liposomes from phospholipids in the same manner. Alternatively, other methods to produce robust encapsulants include surface-induced polymerization of either the inner or outer interface or temperatureinduced gelation of the inner or middle fluid.
Our microcapillary fluidic device is truly three dimensional, completely shielding the inner fluid from the outer one. It can generate double emulsions dispersed in either hydrophilic or hydrophobic fluids. Its production of double emulsion droplets is limited by the drop formation frequency, which varies between approximately 100 and 5000 Hz. Increasing the production rate requires the operation of parallel devices; for this, a stamping technique (43) would be highly desirable. However, an operational device would require control of the wetting properties of the inner channels. Alternatively, a hybrid device incorporating capillary tubes into the superstructure may offer an alternate means of making devices to produce double emulsions. The continued retreat of ice shelves on the Antarctic Peninsula has been widely attributed to recent atmospheric warming, but there is little published work describing changes in glacier margin positions. We present trends in 244 marine glacier fronts on the peninsula and associated islands over the past 61 years. Of these glaciers, 87% have retreated and a clear boundary between mean advance and retreat has migrated progressively southward. The pattern is broadly compatible with retreat driven by atmospheric warming, but the rapidity of the migration suggests that this may not be the sole driver of glacier retreat in this region.
Recent changes in the Antarctic ice sheet have been caused by many different drivers, including Holocene climatic change (1), increasing precipitation (2), and changing ocean temperatures (3). Recent regional climate change has also begun to have a direct and immediate effect on marginal parts of the ice sheet. One notable area is the Antarctic Peninsula, where climate has warmed by È2-C since the 1950s (4). Retreat of ice shelves is already well underway (5) with retreat of 10 ice shelves during the latter part of the 20th century (6) (7) (8) (9) (10) (11) (12) (13) . Antarctic Peninsula glaciers drain a large volume of ice, although this flux is largely balanced by snow accumulation. However, the loss of ice shelves has caused acceleration of the glaciers that fed them (14, 15) , creating locally high imbalances. Removal of other areas of floating ice could further increase this imbalance and thus make a substantial contribution to sea level rise. As part of a wider project funded by the U.S. Geological Survey that will record coastal change for the whole continent (16, 17) , we compiled maps describing changes in the ice sheet margin around the Antarctic Peninsula. The detailed cartography, including changes in glaciers and ice shelves, will be published as maps (18, 19) and as digital data (20) . Here, we present an analysis of this comprehensive time-series data set describing the extent of the 244 marine glaciers draining the Antarctic Peninsula ice sheet and those on associated islands. All of these glaciers calve directly into the sea but comprise both tidewater glaciers and glacier ice shelves (21). We excluded composite ice shelves from the study because their behavior is already well documented.
The data sources (table S1) *To whom correspondence should be addressed. E-mail: acook@bas.ac.uk two satellite image extracts revealing glacier retreat between 1986 and 2001). The glacier fronts at different dates were mapped onto a common reference in a Geographical Information System (Arc/Info). This common reference was a mosaic of Landsat images (22) mainly acquired during 1986 to 1989. Absolute positional accuracy was limited by the georeferencing precision of the mosaic (T160 m root mean square) (22) . Comparison between dates was constrained by the 30-m resolution of the common reference and the nature of the source material, but 86% of the coastal data was determined to have a better than 120-m positional accuracy. The source material available did not allow the capture of glacier changes at regular or uniform intervals across the peninsula but resulted in glaciers with coastlines from many different time periods, many of which overlapped. In addition, many glacier fronts in the north were observed on more than 10 occasions, whereas farther south, the observations were less frequent, with only five date samples available in some areas.
As a basis for the statistical analysis, sample lines perpendicular to the glacier fronts were drawn for each glacier. The intersections between sample lines and glacier fronts became the basis for the analysis, and the distance from each intersection to a common point on the sample line gave a measure of advance or retreat. Because of the variable interval between observations, the mean changes (in meters per year) were averaged into 5-year intervals, ensuring that glaciers with many more observations did not skew the results. This analysis resulted in more than 22,000 measurements of change over 5-year intervals (23) .
The maps in Fig. 2 (and the associated statistics shown in table S2) summarize the changes in glacier fronts since the earliest records used in this study. Of the 244 glaciers, 212 (87%) have shown overall retreat since their earliest known position (which, on average, was in 1953). The other 32 glaciers have shown overall advance, but these advances are generally small in comparison with the scale of retreats observed ( Table 1 shows the magnitude of changes observed). The glaciers that have advanced are not clustered in any pattern but are evenly scattered down the coast (Fig. 2) .
Examination of the timing of changes along the peninsula indicates that from 1945 until 1954 there were more glaciers showing advance (62%) than those showing retreat (38%). After that time, the number in retreat has risen, with 75% in retreat in the period from 2000 to 2004. This pattern is reflected in Fig. 3 , which shows that the mean rate of retreat in glaciers across the Antarctic Peninsula has been increasing since 1945. The standard deviations of retreat and advance rates over the entire domain were considerable (up to 150 m/year) but expected, due to the diverse behavior of the individual glaciers. A more useful measure of error is the likely uncertainty in the mean retreat rates, which is shown in the 95% confidence interval. The large sample size has made it possible to determine the mean behavior of glaciers on the peninsula with precision.
It has been proposed that the pattern of iceshelf retreat on the Antarctic Peninsula is consistent with the existence of a thermal limit on ice-shelf viability (5, 24). The limit of ice shelves known to have retreated during the past 100 years is bounded by the -5-and -9-C isotherms (calculated for 2000 A.D.), suggesting that the retreat of ice shelves in this region is consistent with the observed warming trend of 3.5-T 1.0-C per century (24) . No ice shelves exist on the warmer side of the -9-C isotherm position, and no ice shelves on the colder side have been reported to be retreating. Figure 4 (with accompanying statistics in table S3) reveals a similar pattern of behavior in our population of glaciers; there is a clear southerly migration of a rather abrupt transition from mean advance to mean retreat. Before 1950, glaciers north of 64-S (sector 1) were already retreating when glaciers in sectors 2, 3, and 4 were, on average, advancing. The glaciers in sector 2 transitioned from advance to retreat between 1950 and 1959, at which point only glaciers in sectors 3 and 4 were advancing. In sector 3, retreat began sometime between 1955 and at the latest, 1969 (taking into account the 95% confidence interval error bars), and in sector 4, it was between 1960 and 1969, after which glaciers in all sectors have been, on average, retreating.
In broad terms, this pattern reflects the atmospheric warming across the peninsula since the 1940s. However, a detailed examination shows that the transition from mean advance to mean retreat cannot be interpreted simply as the limit of viability for ice shelves. First, the migration of transition from mean advance to mean retreat over the period from 1955 to 1965 corresponds to a migration from the -3-C mean annual isotherm Eplate 1b in (24)^to around -8-C in 1965. If this migration were caused by climate change, it would imply a warming much more rapid than even the maximum seasonal rate of warming: The austral winter warming at Faraday/Vernadsky Station is several times the mean annual rate (25) . Secondly, whereas all ice shelves predicted by the limit-of-viability model appear to be retreating, the glaciers show a mixed trend with only 75% of the glaciers currently retreating.
Finally, although there is a clear reduction in the mean rate of retreat of glaciers in sectors 2, 3, and 4 in the interval from 1985 to 1994, we do not see any period of comparative cooling that could have caused this. (Figure 4 shows the mean annual temperatures for Faraday/Vernadsky binned in the same intervals; no other weather stations on the peninsula have complete air temperature records since 1945.) In addition, we have looked for correlations with summer temperature at Faraday/Vernadsky, expressed as positive degree days, and found no evidence for a causal relationship. We have analyzed satellite data from passive microwave records of sea-ice concentration for the period from 1979 to 2003 from Marguerite Bay (i.e., sector 3, Fig. 4 ), but these show no clear correlations with the rate of retreat of glaciers in sector 3. In particular, two periods of low sea-ice concentration (1989 to 1991 and 1998 to 2001) occurred at times when glaciers were retreating anomalously slowly and particularly rapidly, respectively. Thus, any link between retreat and sea-ice concentrations that may exist is not a simple one.
It is well known that glaciers with fully grounded marine termini exhibit unusually complex responses to changing mass balance (26) (27) (28) , because in addition to the normal forcings they are subject to oceanographic forcing and subglacial topography. Indeed, several authors have suggested that the behavior of neighboring tidewater glaciers is not synchronous on decadal or century time scales (29) . Our mixed population of tidewater and floating termini glaciers has largely shown synchronous behavior, but while we might have expected a response similar to that of ice shelves, there is no clear limit of viability to properly predict the rate of migration from mean advance to mean retreat. These glaciers must have a more complex response to climate change, perhaps to variables such as ocean temperature for which there are little data and for which we cannot test at present.
Our results indicate the existence of a clear transition between mean advance and mean retreat; a southerly migration of that transition at a time of ice-shelf retreat and progressive atmospheric warming; and a clear regime of retreat, which now exists across the Antarctic Peninsula. Future analysis of changes in all boundary conditions may reveal why the glaciers have responded in this way. Before the present retreat, the glaciers showed persistent mean advance, suggesting that the present changes could be part of longer cyclic behaviors. Such cyclic behavior, at least over decadal time scales, has been specifically ruled out for ice shelves because of their long regrowth period and evidence to suggest persistence on millennial time scales (29, 30) . However, it appears that in recent times this large mixed population of floating and tidewater glaciers has responded synchronously to a climatic forcing, indicating, at least statisti- cally, that such glaciers should be predictable on decadal time scales. Because we know that the loss of floating ice shelves can cause acceleration of inland glaciers, these observations suggest that the cumulative loss of ice at the fronts of these glaciers may be leading to an increased drainage of the Antarctic Peninsula that is more widespread than previously thought. Fig. 4 . Change in Antarctic Peninsula glaciers over time and by latitude. 
